The 
Introduction
The introducing of new architecture of switch device that is designed to overcome drawbacks that occur in wavelength management in expected. The device is called optical cross add and drop multiplexing (OXADM) which use combination concept of optical cross connect (OXC) and optical add and drop multiplexing (OADM) [4] . With the asymmetrical architecture, its enable the operating wavelength on two different optical trunks to be switched to each other and implementing accumulating function simultaneously. Here, the operating wavelengths can be multiplexed together and exit to any interested output port. The wavelength transfer between two different cores of fiber will increase the flexibility, survivability and also efficiency of the network structure. To make device operational more efficient, MEMs switches are used to control the mechanism of operation such as wavelength add/drop and wavelength routing operation. As a result, the switching performed within the optical layer will be able to achieve high speed restoration against failure/degradation of cables, fibers and optical amplifiers which had been proposed in [4] [6] . We had also proposed previously the migration of topology will be easier and reduce the restructuring process by eliminating the installation of new nodes because OXADMs are applicable for both types of topologies beside provide efficiency, reliability and survivability to the network [7] .
The functions of OXADM include node termination, drop and add, routing, multiplexing and also providing mechanism of restoration for point-topoint, ring and mesh metropolitan and also customer access network in FTTH.
Asymmetrical OXADM device
The OXADM architecture consists of 3 parts; selective port, add/drop operation, and path routing (Refer Appendix). Selective port permits only the interest wavelength going through and acts as filter. With the switch configuration, add and drop function can be activated in second part of OXADM architecture. The 'accumulation' feature is found in the third part. Notice that, this feature is the first report in that time and no such device can perform this function before. The detail architecture explanation of OXADM has already discussed in our previous publication in [4] - [12] .
Our previous studied had shown the designed 4-channel OXADM device had maximum operational loss of 0.06 dB for each channel when device components were in ideal condition [4] . The maximum insertion loss when considering the component loss at every channel was less than 6 dB. In the transmission using SMF-28 fiber, with the transmitter power of 0 dBm and sensitivity -22.8 dBm at a point-to-point configuration with safety margin, the required transmission is 71 km with OXADM [4] .
Optical switch device
The control switch for OXADM optical switch is used to change the path of incoming from the input port. When the control switches in 'off' state, no switching occurs and the signal pass through the device as seen from the Figure 1 a. But when the control switch B is 'on' state, the signal from the input 1 will be switch to Output 2 (see Figure 1 b ). The accumulation function occurs which multiplex all the signals from the inputs together and exit at the Output 2. This will be the same if the control switch A is in 'on' state but the output is at Output 1 in contrast to the control switch B is in reverse state (see table shown by Table 1 . The incoming signals from the back will be switched to neighbor output port or pass through the device. This is shown in Figure 2 
Device comparison
The OXADM device will be compared with two existing switching devices; directional coupler switch and optical cross connect (OXC).
The non-selective directional coupler switch has two states and one control element. It has fixed number of input and output port that is two. The wide bandwidth signal comes from the input port with switch to either one of output ports. It works bi-directional with symmetrical function [12] . Figure 3 shows the mechanism of switching for directional coupler switch in normal (a) and active condition (b) & (c). The application of DC switch is to control the signal path in WDM network and optical storage; and can also perform the function of OADM in optical distributed network OXC is the directional coupler witch but with many ports. The functional of OXC is crossconnecting between output and input port ( Figure 4 ) [2] . Same with OXADM, the OXC is selective device but it does not have 'accumulation' feature. In contrast with OXADM, OXC works bi-directional with symmetrical function. The application of OXC is as a switching device in mesh network configuration and also in optical storage. Table 2 summarizes the differences of OXADM compare with DC and OXC. 
Experimental set up
Two parameters have been studied experimentally to ensure the interference of uninterested signal is minimized. The experimental set up to measure the crosstalk at two ports of OXADM has been carried out and the results are redrawn in Figure 5 and Figure 6 respectively. The crosstalk value is bigger than 60 dB means the interested wavelength is in safety mode and the transmitted data can be interpreted at any receiver end. The other parameter should be considered for bidirectional device is return loss. Return loss is the disturbance of uninterested signal against the direction of interested signal. The return loss is measured and the result is shown in Figure 12 . The value is 40 dB which is higher than minimum safety value.
Both experimental have shown that the OXADM optical switch has a good and acceptable value of crosstalk and return loss.
Experimental result
The OXADM device is characterized by using two tunable light sources and two optical spectrum analyzer. The experimental set up is shown in Figure 8 below. The designed 4-channel OXADM device is expected to have maximum operational loss of 0.6 dB for each channel when device components are in ideal condition. The maximum insertion loss when Fig. 2 . OXADM optical switch works as 2x2 demultiplexer. When the switch is activated, the signal will be switched to any output port. The testing is carried out for every function of OXADM. The function includes bypass, add and drop, path exchange, accumulation and also functional combined.
Features
The single operating wavelength test (wavelength is 1510 nm), the results shows the OSNR value for this function is 20 dB (bypass), 32.9 dB (drop), 28,95 dB (add), path exchange (20 dB), add & path exchange (30 dB). Each measurement result is indicated in Figure 9 to Figure 12 .
The multiplexed input signal is also applied and the result shown in Figure 13 to Figure 16 . For bypass, accumulation and path exchange function, the OSNR values are bigger than 20 dB. This can be concluded that the level of signal is 20 dB higher than noise level. The 20 dB indicates the safety value for the signal to noise ratio. 
Conclusion
We have introduced a new asymmetrical switching device which utilizes the combined concepts of optical add and drop multiplexing and optical cross connect operation through the development of an optical cross add and drop multiplexer (OXADM). The experimental results show the value of crosstalk and return loss is bigger than 60 dB and 40 dB respectively. OSNR 1510 nm = 23.547 dB OSNR 1530 nm = 22.83 dB
In our previous results have also shown the value of insertion loss was less than 0.06 dB under ideal condition, the maximum length that can be achieved is 94 km. While when considering the loss, with the transmitter power of 0 dBm and sensitivity -22.8 dBm at a point-to-point configuration with safety margin, the required transmission is 71 km with OXADM [4] . Fig. 13 . The measured output power at two operating wavelength for bypass operation.
The OXADM switching mechanism has been explained and compare with other existing optical switch; directional coupler optical switch and OXC.
The OSNR characteristic for every function of OXADM is also studied. The values are bigger than 20 dB means that the level of signal has far affected by the noise level.
The OXADM optical device is particularly designed for WDM metro application. The OXADM can also provide survivability through restoration against failure by means of dedicated and shared protection that can be applied in WDM ring metropolitan network [6] [7] .
In other application, OXADM can also work as any single device such as demultiplexer, multiplexer, OADM, OXC, WSC and WRB [4] [9] . OSNR 1530 nm = 22.78 dB (Bypass) OSNR 1510 nm = 24.506 dB (Path change)
Fig. 14. The measured output power two operating wavelength for accumulation operation.
